The present work seeks to report about the properties of lead-free NaNbO 3 particles with different morphology (cubic-like and fiber-like particles) and their application in composites with poly(vinylidenefluoride) (PVDF) polymer. The composites are obtained using a range of varying volume fractions of NaNbO 3 particles (30%, 40%, 50% and 60%). The best conditions for obtaining the NaNbO 3 particles as well as the composites have been thoroughly studied. It was observed that the highest volume fraction of NaNbO 3 particles undermined the flexibility of the composites. The transition percolation phenomenon, commonly known as percolation threshold, was calculated as a function of the dielectric constant and conductivity of the composite. The composites exhibit piezoelectric and ferroelectric properties and both are found to improve by anisotropy of the NaNbO3 particles.
Introduction
The ongoing technological developments lead undoubtedly to the quest for anisotropic ceramic material which presents a specific property or a combination of them. To this end, it is necessary to control the growth parameter of nanostructures controlling the morphology of the particles.
Research on unidimensional nanostructures (1D) arouses multidisciplinary interest owing to their properties which allow the use of these nanostructures in self-assembly devices applicable in optical, electronic, photonic and biological systems [1, 2] . Currently, researchers have been trying to develop efficient techniques for obtaining 1D ordered particles in nanoscale, controlling the size and shape of the particles since this is the key to improving the use of existing materials while allowing room for new multifunctional devices.
Ferroelectric and piezoelectric materials are much influenced by structural control, because some materials are found to exhibit piezoelectricity only when they are grown with 1D morphology. Another interesting property of 1D material that is worth mentioning is the photoluminescence (PL). Photoluminescence spectroscopy provides us with important information about electronic and optical structures of the materials such as the intermediate states between the valence band (VB) and the conductive band (CB) known as the band gap [3] . When a material combines the photoluminescence and piezoelectric properties, it can be applicable in piezophotonic devices [4] .
Lead zirconate titanate (PZT)-based materials present excellent optical and electronic properties; oddly enough though, despite their good properties, materials like PZT are prone to cause environmental damage which may eventually cause the need for their substitution for leadfree materials.
Alkali niobates, such as sodium niobate (NaNbO 3 ), are promising materials for substituting materials like PZT. NaNbO 3 is a lead-free piezoelectric perovskite semiconductor with different phase transitions, which has attracted increasing attention among researchers owing to its capacity to form the basis of the class of environmentally friendly materials [5, 6] .
The efficiency of these materials is said to be directly related to their crystalline and morphological structures. One possibility of obtaining particles with crystalline and morphological well-defined characteristics lies in hydrothermal synthesis, which is a variation of solvothermal synthesis.
The heating in hydrothermal synthesis can be carried out by microwave-assisted technique and when this happens the synthesis is named microwave hydrothermal synthesis. This process, in particular, is truly a low-temperature method for the preparation of monophasic materials of different sizes and shapes. This method is found to save energy and is environmentally friendly in that the reactions take place in closed system conditions. Unlike the conventional heating which requires a long time of reaction, microwave-assisted heating is a greener approach toward the synthesis of materials in a shorter time (several minutes to hours) with lower power consumption as a result of the direct and uniform heating of the contents [7] .
Although some ceramics are known to have high ferroelectric and piezoelectric properties, their poor mechanical properties and other properties including the mismatch of the acoustic impedance with water and human tissue are found to restrict their application. On the other hand, ferroelectric polymers possess excellent mechanical properties such as flexibility and deformation, but their piezoelectric activity is low. To circumvent these problems, composite materials made with ferroelectric ceramic and polymer have been investigated as an alternative material which combines the electric properties of ceramic and mechanical properties of polymer [8] .
A core parameter to be considered when discussing about composites lies in the connectivity patterns, which establish the arrangement of the phases comprising the composites. The first concept of connectivity was developed by Skinner et al [9] and Newnham et al [10] , where the manner in which the individual phases are self-connected are described. There are 10 types of arrangements in which the two components, the matrix phase and the dispersed phase, can be connected forming the composite, ranging from unconnected 0-3 pattern to a 3-3 pattern in which both phases are three-dimensionally self-connected. The first number in the notation represents the dimension of connectivity for the piezoelectric active phase, while the second number refers to the electromechanically inactive polymer phase [11, 12] . The composites with 0-3 connectivity possess the merits of being highly flexible and having a relatively high piezoelectric coefficient, though it is very difficult to obtain 0-3 composites with a high ceramic content. The high ceramic content provides a mixed connectivity in 0-3 composites due to the percolation of the particles, besides that the high concentration of big ceramic particles is found to reduce the flexibility of the composite [8] . The 3-3 composites when compared with the 0-3 composites are found to present a relatively higher piezoelectric coefficient [12] though they are quite more rigid and difficult to manufacture than the latter (0-3). Studies conducted on lead-free composites using KNN particles (sodium potassium niobate) and poly(vinylidenefluoride) (PVDF) as polymer concluded that the piezoelectric activity tends to increase given an increase in the ceramic content. However, a decrease in the polymeric phase of the composite weakens the mechanical properties. The piezoelectric properties of the KNN/PVDF composite were compatible with the PZT-based materials, implying that it is a good option to be used in place of PZT-based materials [13] .
A wide array of studies on piezoelectric composites can be found in the literature. Dargahi et al [14] developed a composite to be used in the medical area as a sensor in minimally invasive surgeries without damage to the body. Fuzari Jr et al [15] studied a promising material to use as an acoustic emission sensor. A NaNbO 3 /PVDF composite used in energy harvest was obtained by Mendoza et al. and Srinivas [16, 17] , where they compared the NaNbO 3 /PVDF and lead-based ceramic/PVDF composite in order to demonstrate the feasibility of replacing leadcontaining materials in high-energy-density dielectric capacitors.
Despite the range of advantages attributable to composite materials, the poling process still poses a challenge owing to the fact that the effective electric field for polarizing the ceramic particles is much lower compared to the applied electric field [15, 18, 19] . The poling efficiency of ceramic particles dispersed in a polymer can be enhanced inserting a third phase into the composite. This phase creates an electrical flux path between the ceramics particles, and to promote this effect a conducting polymer, polyaniline (PAni), for instance, can be included in the composite to control the electrical conductivity [15] .
In light of that, the main purpose of this study is to discuss the preparation and characterization of NaNbO 3 ceramic particles with different morphology obtained by microwave-assisted hydrothermal synthesis. The influence exerted by the synthesis parameter in obtaining the particles with the best characteristics as well as the use of these particles in the fabrication of composite films with 0-3 connectivity, using PVDF as polymer matrix, are all presented and discussed.
Experimental processing

NaNbO 3 synthesis
NaNbO 3 powders were obtained by microwave hydrothermal synthesis which was carried out beginning with NaOH (p. a. Quemis) and Nb 2 O 5 (Alfa Aesar, 99%). In the reaction to form NaNbO 3 , the NaOH acts as a mineralizing agent and sodium source. NaOH water solution. The suspension was then transferred into Teflon vessels which were placed inside a microwave furnace. The synthesis was carried out at 180°C with different conditions as given in Table 1 . The obtained powders were thoroughly washed with distilled water by centrifugation and finally dried at room temperature. 
NaNbO 3 particles characterization
The obtained powders were characterized by X-ray powder diffraction using a rotatory anode diffractometer (Rigaku-RINT 2000) with divergent cleft of 0.25°, soller cleft of 2.5° of divergence in the 2θ range from 20° to 80° with 0.2 graus.min -1 . The morphology of as-prepared samples was observed using a high-resolution field-emission gun scanning electron microscopy FE-SEM (GERMA JEOL JSM 7500F Field Emission Scanning Electron Microscopy). PL spectra were collected with a Thermal Jarrel-Ash Monospec 27 monochromator and a Hamamatsu R446 photomultiplier. The 350 nm exciting wavelength of a krypton ion laser (Coherent Innova) was used with the nominal output power of the laser kept at 550 mW. All measurements were performed at room temperature. Figure 1 shows the diffraction powder patterns of X-ray obtained for the powder synthesis carried out at 300 W. Based on the results, it is observed that a pure orthorhombic crystalline structure of NaNbO 3 is favored by a rise in the synthesis time period, which is in accordance with the JCPDS file nº 33.1270. For the 30 and 60 minute synthesis times, the obtained product consisted of Na 2 Nb 2 O 6 .nH 2 O. When the synthesis times are increased to 120 and 180 minutes, the products are a mixture of Na 2 Nb 2 O 6 .nH 2 O and orthorhombic NaNbO 3 and a diffractogram peak attesting to the decreasing of Na 2 Nb 2 O 6 .nH 2 O until it disappears following 240 minutes of synthesis indicating the formation of orthorhombic NaNbO 3 pure phase.
The presence of microwave enables the obtaining of NaNbO 3 crystalline phase in a short synthesis time and this time can be even smaller when the power of microwave is increased. Figure 2 shows the X-ray diffraction of products obtained using a higher power above 300 W. Using 600 W for 30 minutes, peaks related to Na 2 Nb 2 O 6 .nH 2 O were observed and a pure orthorhombic NaNbO 3 was seen using 600 W for 60 minutes. By increasing the power to 800 or 1000 W, it is worth noting that the time for obtaining the orthorhombic NaNbO 3 pure phase was found to decrease to 30 minutes.
According to Zhu et al [21] , Na 2 Nb 2 O 6 .nH 2 O is a microporous metastable phase with fiber morphology resulting from NaNbO 3 crystallization. The Na 2 Nb 2 O 6 .nH 2 O phase presents monoclinic crystalline structure belonging to the C2/c space group with lattice parameters a = 17.0511 Å, b = 5.0293 Å, c = 16.4921 Å e β=113.942 Å and are applied in SOMS, Sandia Octahedral Molecular Sieves [20] . The dehydration of Na 2 Nb 2 O 6 .nH 2 O promotes the formation of NaNbO 3 perovskite phase which is energetically more stable [20] . 
Ferroelectric Materials -Synthesis and Characterization
The morphological changes regarding the process are shown in Figure 3 , where one can observe that the products presented different morphologies. It is noteworthy that for the 30 and 60 minutes synthesis times with 300 W of power, the samples were composed of Na 2 Nb 2 O 6 .nH 2 O structures with fiber-like shape (Figures 3 A-B ). For the 120 and 180 minutes synthesis times, there is a mix of fiber and plate-like structures ( Figure 3C ), and when the synthesis time is increased to 240 minutes, only particles with cube-like morphology are observed ( Figure 3D ). These results confirm the XRD results ( Figure 1 ) as it is possible to observe that given an increase in the synthesis time, the fiber morphology corresponds to the Na 2 Nb 2 O 6 .nH 2 O until the formation of orthorhombic NaNbO 3 with a cubic shape [24, 25] . Using 600 W power, the particles obtained in the shortest time -30 minutes -also presented fiber morphology, while presenting a cubic morphology after 60 minutes of synthesis ( Figure  4 A-B) . By increasing the power, the time to obtain the NaNbO 3 cubic morphology decreases to 30 minutes, though the particles are clustered as can be seen in Figure 4 C-D.
The morphological evolution of NaNbO 3 obtained by hydrothermal synthesis was extensively studied by Zhu et al [21] . NaOH breaks the octahedra corner sharing formed by Nb-O from Nb 2 O 5 forming intermediaries octahedral edge sharing, which presents low crystallinity. The dissolution of intermediate gives NbO 6 which promotes the growth of metastable compound with fiber shape. Finally, increasing the synthesis time, the fibers are dissolved and the NbO 6 octahedral takes the form of NaNbO 3 with a cubic shape. By means of the conventional hydrothermal synthesis using the Pluronic P123 copolymer (EO20PO70EO20, BASF, USA), Shi et al [26] obtained orthorhombic NaNbO 3 with a fiber shape. The copolymer assists the particles crystallization during the reaction between Nb 2 O 5 and NaOH at 200°C for 24 hours. Replacing the P123 with PEG-1000 (polyethylene glycol), cubic-like particles with a narrow size distribution is obtained. Ke et al [27] report the change of NaNbO 3 morphology in line with the NaOH concentration used in the synthesis. The materials obtained from NaNbO 3 with 1D morphology including fibers and wires can present good piezoelectric property [4] . A process used to obtain this morphology is the thermal treatment of Na 2 Nb 2 O 5 .H 2 O at temperatures around 300-550° C. The thermal treatment changes the crystalline structure of the material maintaining the 1D shape. Although piezoelectricity is an anisotropic property, the NaNbO 3 with cubic morphology hardly presents good piezoelectricity due to the high symmetry of the cubes.
In this work, the thermal treatment of the product was carried out for a period of 4 hours at 550°C by microwave hydrothermal synthesis with 300 W at 180°C for 30 minutes; the metastable phase of Na 2 Nb 2 O 5 .nH 2 O is transformed into the orthorhombic structure of NaNbO 3 maintaining the fiber-like morphology as shown in Figure 5 . The thermal treatment promotes the dehydration of Na 2 Nb 2 O 6 .nH 2 O, forming NaNbO 3 perovskite phase, which is found to be energetically more stable than Na 2 Nb 2 O 6 .nH 2 O.
In a previous work, we reported about the PL properties at room temperature of NaNbO 3 particles and film as a function of anisotropic morphology; the NaNbO 3 particles in question are fiber and cubic-like morphologically structured, being that the fibers are originated from the thermal treatment of Na 2 Nb 2 O 6 .nH 2 O fibers. The particles which presented major PL intensity are Na 2 Nb 2 O 6 .nH 2 O fibers prior to thermal treatment, and the smaller PL emission is found to be presented by NaNbO 3 fiber-like particles [22] .
The order-disorder of the materials including surface defects, cation or anion vacancies, lattice distortions and the recombination process in semiconductors can be evaluated based on the PL process. PL is an efficient method for investigating the electronic structure and optical properties of materials. PL properties are a great probe for investigating changes around the site environment at short-range (2−5 Å) and medium-range order (5−20 Å) of clusters where the degree of local order is pronounced [28] . The PL emission region is associated to the defects of the materials. When the material presents deep-level defects, it generates intermediary energy levels near the conduction band which are represented by the PL emission at low energy (yellow/green region of electromagnetic spectrum). Shallow levels generate states next to the valence band where they exhibit PL emission at a higher energy (violet/blue region) [28] .
Prior to thermal treatment, the fibers show PL emission around 550 nm, which is then found to decrease following thermal treatment. Furthermore, the band is seen to shift toward a higher energy region. Like the NaNbO 3 fiber, the cubic particles also emit higher energy (450 nm) (cf. Figure 4 Ref 22) , and this displacement indicates that NaNbO 3 crystalline structure is more stable compared to Na 2 Nb 2 O 6 .nH 2 O [22] .
At low temperature, Almeida et al [29] obtained two PL bands centered at approximately 430 nm and 540 nm in glass-ceramic-containing NaNbO 3 crystal. The emission at 430 nm was attributed to the direct exciton recombination, and the low quantum efficiency is likely to indicate that the emission at 540 nm emanates from trap states. At room temperature, the PL band is centered only in the region around 430 nm, next to NaNbO 3 PL emission region as we have reported in a previous work [22] .
In a previously published paper [22] , we proposed that the PL bands can be attributed to the bulk energy levels consistent with their attribution to the transitions between O 2-and Nb 5+ , based on the local structure of NbO 6 octahedra. By similar structure analyses, NbO 6 assumes the form of a regular octahedron, which comes from the strong covalent bonding as a result of the orbital hybridization between Nb d and O 2p. Without the presence of structural defects capable of changing the clusters organization, this crystalline structure is characterized by a Some materials present a change in the PL emission according to the morphology [31] . However, as far as our investigation is concerned, the PL results are seen not to be related to the morphology of the NaNbO 3 but rather to the organization of the crystalline structure. This observation is backed by the results observed in [22] where the orthorhombic NaNbO 3 presents fiber-like and cubic-like particles, where both have PL emission in the same region. The PL emission region observed here is not the same for Na 2 Nb 2 O 6 .nH 2 O which presents fiber-like particles to boot [22] .
The microwave hydrothermal process is capable of producing NaNbO 3 with a more disorganized structure when compared to NaNbO 3 obtained by thermal treatment of Na 2 Nb 2 O 6 .nH 2 O. This can be associated to the heating of Na 2 Nb 2 O 6 .nH 2 O so as to yield NaNbO 3 with fiber-like morphology which tends to promote a better self-assembly of the crystalline structure than in cubic-like particles. This assembly decreases the structural defects as well as the intermediary levels within the band gap, resulting in a lower PL emission [22] .
Composite processing
Polymer matrix: PVDF
PVDF is a piezoelectric polymer (d 33 = -33 pC/N) that is able to produce variation in the surface charge when subjected to mechanical stress without requiring additional energy sources or electrodes for the generation of electrical signal. This polymer consists of a carbon-based chain with alternating hydrogen and fluorine units (-CH 2 -CF 2 -)n, and its molecular weight is around 105 g.mol -1 . PVDF presents polymorphism and can be found in four structural phases (α, β, γ and δ) where the piezoelectric phase is said to be the β phase once it is a polar phase [8, 32] .
Obtaining NaNbO 3 1D nanostructures modified by polyaniline (PAni)
PAni (polyaniline) is a conducting polymer in which the electrical conductivity can be modified by the protonation process controlling the reaction pH [15] , and its use to cover ceramic particles has the ability to improve the conductivity of particles.
To obtain PAni, the monomer aniline (C 6 H 5 NH 2 ) (Sigma-Aldrich) was used after vacuum distillation to remove photoxidized molecules. The oxidant ammonium persulfate was employed for the polymerization process of aniline (MERCK).
To obtain NaNbO 3 fiber particles coated with PAni, the fibers were incorporated into a solution of aniline, cloridric acid water solution, 1 mol.L -1 , and ammonium persulfate under stirring at ). At the end of the process, the particles displayed a green color again (conductivity controlled).
Observing the FE-SEM image depicted in Figure 6 , it is possible to note that the covering did not change the morphology of the particles. 
Fabrication of composite
α-PVDF in powder form was mixed in a mortar with pure NaNbO 3 particles with both morphologies (fiber and cubic particles). In addition, the NaNbO 3 fiber-like particles coated with PAni were mixed in a mortar with PVDF until a homogeneous mixture was formed. The mixtures were then placed between sheets of Kapton and hot pressed at 190°C for 5 minutes with a pressure of 5 MPa. The thickness of the films is in the range of 190 to 500 µm depending on the ratio of ceramic/polymer content. The composite films from pure NaNbO 3 particles were obtained with volumetric fractions of ceramic (30%, 40%, 50% and 60%), while those from NaNbO 3 fibers modified with PAni were obtained with 30% and 40% of volume fraction of ceramic. The composites obtained from fiber-like particles without PAni will be denoted by FbNN while the particles coated with PAni will be denoted by PbNN-PAni rep , and composites from cubic-like particles will be represented by CbNN.
The volume fraction of ceramic was calculated using the equation 5 [8, 33] . 
In the equation m is the mass and ρ is the density. The subscript c and p are related to ceramic and polymer, respectively. Φ c is the volume fraction of ceramic. 
Composite characterization
To carry out the electric measurements, a contact was deposited onto both sides of the samples; gold electrodes with 1.0 cm of diameter were vacuum evaporated. The composite films were poled with an electric field of 5 MV/m at 90°C during 60 minutes in silicone oil.
A TREK high-voltage power supply was used for the poling process. By measuring the longitudinal piezoelectric coefficient d 33 , the piezoelectric activity of the composite was studied. In order to acquire the longitudinal piezoelectric coefficient d 33 Pennebaker Model 8000Piezo d 33 Tester was used (American Piezo Ceramics Inc) coupled to a multimeter 34401A (Hewlett Packard).
To avoid problems with lack of uniformity of the composites, the measurements were made at least in 10 different points for each sample, where the average value of these points was taken as the coefficient d 33 .The sample with 50% and 60% of ceramic particles could not be poled because it got ruptured during the polarization process due to the high electric field applied. The improvement in the piezoelectric coefficient is proportional to the anisotropy of the NaNbO 3 particles and the volumetric ratio of the ceramic particles was found to scatter in the polymeric matrix. Malmonge et al verified the increase in d 33 as a consequence of the increase in temperature and electric field used for the poled PHB-PZT composite (PHB = poly-β-hydroxybutyrate), indicating the possible application of the composite in areas related to sensors [34] .
Hysteresis loop provides information about the remnant polarization (P r ) of the composites.
The Pr values were obtained using a Radiant Technologies Inc RT 6000 HVS High Voltage Test System. The measurements were carried out at room temperature using varying electric fields (100 and 600 V) and frequencies (2. The increase in voltage applied provides higher values of electric field; and for the samples with a greater thickness, the electric field value is found to decrease. The increase observed in the P r is proportional to the increase of voltage applied and to the decrease in frequency. Low frequency promotes the increasing of P r value and the rounding of hysteresis loop to the same conditions. This happens as a result of the longer cycle times and the longer relaxation time for different charge carriers and dipoles. This can be explained by the fact that some charges are able to follow the electric field whereas other charges are not. There are charges that need longer relaxation time. The increase in the volumetric fraction of the ceramic leads to a higher P r value, though with the demerit of having a lower flexibility of composite. In the FbNN-PAni rep , the presence of a conducting polymer is found to improve the P r value. Another factor that improves the P r value is the anisotropy of the particles because it is possible to observe that for the FbNN composites all the P r values are better than the ones for the CbNN composites. The characterization of composite materials indicates that conductivity is of essential relevance owing to the fact that there are multimodal microstructures and each phase has intrinsic properties which determine the properties as well as the applications of the composite.
Considering that the union of the different phases occurs only by physical contact of the surfaces, known as interfaces, no chemical bond formation is observed. Therefore, the layers that form the composite (matrix/disperse phase) can be said to retain their distinct conductivity.
The heterogeneity of microstructure consists of single phase regions which are statistically distributed in the volume of composite, and the macroscopic properties of the composite that are directly connected to this distribution [38] . In the composite preparation method and in the volumetric fraction of each phase there are parameters which directly influence the resulting properties. The influence of each phase in the composite characteristics is associated with the intrinsic characteristics. The volume fraction of the disperse phase (one perovskite oxide) and the composites matrix which is an insulating polymer, is dependent on the embedded oxide fraction in the polymer matrix. Depending on the process, it can be isolated or connected to the polymer. The percolation transition phenomenon, commonly known as the percolation threshold, occurs during the transition from the isolated oxide behavior to the interconnected oxide behavior. The percolation threshold is a mathematical term related to the percolation theory which involves long-range bond formation in a random system. Below the limit, the component or system as a whole is not connected, and over the limit there is a Ferroelectric Materials -Synthesis and Characterizationgreatness component that is bigger than the system itself and which exerts influence on the overall behavior of the composite. The presence of a metal as a dispersed phase in the polymer matrix paves the way for the occurrence of an insulator/conductor interface transition [39] .
Close to the percolation threshold, the value of the electrical conductivity and the dielectric constant of the composite increases abruptly in several orders of magnitude. However, the composite type insulator/semiconductor presents a remarkable increase in the dielectric constant with high values and a relatively low conductivity range, close to the percolation threshold [40] .
The actual conductivity of the material is directly proportional to the interaction between the dispersed phase and the matrix phase expressed through the power law (a functional relationship between two quantities, where one varies as potency of the other). Mathematically, the effective conductivity (σ) or the effective dielectric constant (ε) of the composite is described by the following equations [38, 40] . Figure 13 shows the curves of dielectric constant and conductivity measurements for the CbNN/PVDF composite, where one can observe that there is an abrupt increase in both dielectric constant and conductivity as the ratio is higher than 50% (w/w) for the cubes morphology. Equation 9 jointly with the best linear fit (in the illustrated set) with the value of s = 0.31 +/-0.08 allow us to indicate that the percolation mechanism (percolation threshold) in this composite and for these processing conditions occur at the rate of 54.6% (w/w). In Figure  13 , the threshold value is close to the abrupt increase in conductivity. The composites when subjected to an electric field responded to the field applied accumulating charges on the surface of particles; this charge interferes in the characteristics of the particles-matrix interfaces. The composites formed by the concentrations of morphologically different particles, where the dispersed phase needs different rates (in the matrix phase) so as to occur an interconnection between them. A minimum distance required between the particles prior to the occurrence of percolation is known as interconnection [43] . When the morphology of the particle is in the form of cubes, the distance must be very small in order to promote the contact between them since polarization is homogeneous in the cube-matrix interfaces. Thus, for cubes-like particles a high density of ceramics in the array is required to achieve the interfacial polarization needed to promote the percolation threshold for 54.6% (w/w) of the cubes in the matrix. The variation of dielectric constant and conductivity values prior to the percolation threshold, as can be observed at 40% (w/w), can be linked to the interfacial polarization and the percolation paths in the matrix [44] . The dielectric constant and conductivity values for the FbNN/PVDF composite are illustrated in Figure 14 ; in this case, there is an abrupt increase in conductivity after 30% (w/w) of fibers. Applying the best linear fit (shown in the inset) with s = 0.90 +/-0.05 in equation 9 gives you a concentration of 38.0% (w/w) for the percolation threshold. Therefore, the morphology of the fibers, nanoparticles 1D, allows the polarization to reach a long distance over the length of the fiber. A lower concentration of particles enables the interconnection between them so the percolation threshold occurs at only 38% (w/w). Figure 15 presents the data obtained by plotting the dielectric constant and conductivity for the composite FbNN-PAni rep /PVDF. The abrupt increase in the dielectric constant and conductivity values is observed from the first analyzed concentration of 30% (w/w). Because of this, it is believed that the percolation threshold is set to a lower concentration. Comparing the three types of dispersed phase of this review, this is the one with the lowest value of percolation threshold, which can be explained by the surface characteristics. The particle morphology 1D indicates a behavior similar to that seen in Figure 14 ; however, the covering of the fibers with polyaniline which promotes conductivity and the connectivity allowing the percolation threshold is reached with lower concentrations of the dispersed phase. Therefore, to establish the percolation threshold of the composites, a study involving the minor fractions dispersed phase is required. There is also an anomalous behavior observed in Figure 15 , for the concentration of 50% (w/w) of dispersed particles. At this point, the results of conductivity and dielectric constant are 1.1x10 -8 and 4.0, respectively. These values are close to those of pure PVDF matrix. This anomalous behavior for the concentrations above the percolation threshold has been observed in some papers that have been published already [41, 45, 46] . It is suggested that there is a formation of agglomerates with dispersed phase which are found to be isolated functioning as microcapacitors, enveloped by an insulating film that prevents both the load passage and a continued polarization of the network, so a decrease in the dielectric constant and conductivity is verified at this concentration.
The dielectric constant and conductivity values for the dispersed phases and for the pure PVDF are plotted in Figure 16 . These values were measured in pellet of these materials. The values of electric conductivity are low contrary to the dielectric constant values which are found to be high. The dielectric constant and conductivity increase in the following order PVDF< cubes< fibers< fibers-PAni rep , which can be explained by the fact that this polymer is an insulating material with a rigid structure linked by strong covalent bonds, which can generate a polarization though with difficulty resulting in very low dielectric constant and conductivity. Interestingly, the dispersed phase, which are perovskite oxides, have dipoles in their crystalline structure, making them capable of being oriented quite more easily. The morphology of the dispersed phase directly influences this behavior; the fibers compared with cubes as shown in Figure 16 allow for better charge distribution and thus a higher conductivity. The surface-modified fibers with a conductive polymer, in this case PAni, promote conductivity and permittivity (dielectric constant). The values found for the dielectric constant and conductivity decrease in the order fibers-PAni rep , fiber, cubes. The same result is observed for the percolation threshold values, when these materials are used as the dispersed phase in the PVDF matrix, indicating that these factors are interrelated.
Conclusion
By microwave hydrothermal synthesis, it is possible to obtain Na 2 Nb 2 O 6 .nH 2 O and NaNbO 3 orthorhombic crystalline structure particles. The Na 2 Nb 2 O 6 .nH 2 O is obtained in fiber-like morphology while NaNbO 3 presented cubic-like morphology. The results are associated to synthesis conditions including synthesis time and microwave power. Using 300 W, the increase in synthesis time favors the formation of NaNbO 3 ; and by 800 and 1000 W the NaNbO 3 is obtained within a relatively shorter time. The Na 2 Nb 2 O 6 .nH 2 O is used as a precursor to get a fiber-shaped NaNbO 3 . The thermal treatment of Na 2 Nb 2 O 6 .nH 2 O promotes the dehydration and the formation of 1D NaNbO 3. The characteristics of the particles exert influence on the material characteristics. Both morphologies of NaNbO 3 particles can be mixed with PVDF for the production of flexible composites. An increase in the amount of the ceramics particles leads to the loss of flexibility in the composite owing to the change of connectivity of the ceramic particles and polymer. The anisotropy of ceramic particles improves the composites characteristics, such as d 33, Pr, conductivity and dielectric constant values. By inserting a third phase into the composite, these values tend to be higher. The characterization of composite materials indicates the importance of conductivity due to the fact that these materials have multimodal microstructure and each phase has intrinsic properties that determine the properties and applications of the composite formed. These preliminary results demonstrate that the NaNbO 3 composite can be used with piezoelectric and ferroelectric properties depending on the material.
